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第 5章 近接場光検出システムを構築し,集光モー ド,照射―集光モードでの測定,及びSPR現
象の測定を可能 とした。また,100 nmの開口をもつ光ファイバプローブを作製し,近接場領域でエ
バネッセント波の検出を確認するとともに,その機能及び仕様について記述している。











Construction of Near Field Light Detection SysteHl and
Study on W笙icro Structural Evaluation TechnOlogy
TOOru OKAYAMA
Abstract
Today,at the turn of the 21st century,both」apanese sOciety and economy are at a critical
turning point.  p(Inid the ongoing globahzation of econonlies and increasingly intense interna‐
tional competition,Japan faces numerous grave predicaments.  As evidenced by surveys on
econonic trends, the real chanenge for Japan is to address the deterioration of industrial
competitiveness and the stagnation of job creation  ln order to address these problems,it is
essential to construct a ne、v 21st―type basic―t chnology and manufacturing―technology sys
tems  These erorts to construct these systems 郡「11l yield the reinforcement of industrial
competitiveness and the steady foundation of the development of an economic society.
Optical technology is one of the key technologies that can strengthen」apanese industries.
As a part of the industrial technology policies, 」apan priOritizes th  folloMring four nelds:
information and coHょInunication,コnaterials and nanotechnology,environment and energy,and
life science.  The comprehensive employment measures declared in Fisca1 2001 largely focus
on investing selectively in the abovementioned four nelds as one of the measures to、vard
reinforcing industrial competitiveness for promoting employment
Photonics technology has been applied to a considerable number of lields including
measurement,manufacture,and observation_  Currently,photonic technology penetrates every
aspect of life,including means of information trans■lission beginning、v th elecommunication
and recording media typined by cDs and DヽたDs  Since the use of photonic technology has been
groM〆ing in a gamut of nelds ranging fronl basic technologies to apphcations,it is expected that
its importance will increase further in the future  ln the 21st century, the use of photonics
technology 、vill be essential and play a key role in every neld  None 、vill counter this
prediction
Silnultaneously,nanotechnology is expected to facilitate striking innovations in every neld.
In」apan,as evidenced by the fact that it ttras chosen as one of the four priority fields,erorts
to develop nanotechnology have been deployed in extremely broad ranges since its earliest
stages  ふ/1oreover,in major foreign countries,including the United States,strategic efforts to
develop nanotechnology have gradually accelerated_  Therefore, competition in technical
innovations in this lield is hereafter expected to be nercer than ever_  Under these circum―
stances, it is alleged that in the nelds of photonics technology and nanotechnology, 」apan
possesses an advantage over the other countries across the耶〆orld_ Recently,the e have been
-273-
八戸工業大学紀要 第25巻
high expectations of the functions of nano―photo ics technology,a nettr neld resulting froHl a
fusion of photonics technology and nanotechnology.
In accordance with the recent development of ubiquitous computing and multilnedia,speed
enhancement and density gro、、アth have been advanced by decreasing the Ⅵravelength of a light
source  This technical method is applied to the micromachining of semiconductors for fa―
bricating optical devices used for large―capacity, high―speed communication; high―density
memory, and integrated circuit elements  Ho、vever, the shor ening of the、vavelength of a
light source is a direct extension of conventional technologies wherein the optical system deals
with l堪ュ t prOpagating in free space.  Accordingly, it encounters the difriculty of dirraction
erects,、vhich are the essential characteristics of light_  Since a``dirraction limit"exists as a
technological and theoretical lilnitation,it is difncult to perform a Hlicroanalysis of a region
that is smaller than the wavelength of light  Consequently, as long as conventional optical
systems are used,rneasurement and fabrication using light with a ttravelength close to that of
visible light allnost reaches the lilnitation of resolution  lt is impossible to delve into nano―
photonics technology until the technical problems Ⅵ〆ith existing optical technologies are
resolved
Given this dilnculty,the question arises regarding the manner in、、h ch a breakthrough can
be achieved with regard to the ``dirraction limit" essential to light.  One of the solutions is
“near―neld light"  In fact,if localized light not propagating in free space can be produced,it
is possible to avoid the difnculties arising froni the dirraction effects of light,  Consequently,
M〆e can conduct extremely high―resolution optical rneasurements
The purpose of this study is to fabricate an optical rneasurement device with a high spatial
resolution beyond the dirraction lilnits using light locahzed in the proxilnity of a material
surface,one of the peculiarities of light.  Further,another purpose is to explore the possibility
of nano―photonics technology  ttVe developed a novel optical measurement systeni to detect
near―neld light and evanescent ttraves,M/hich are electromagnetic ttraves locahzed as a pecuhar
hght.  Further,M「e focused our attention on technologies for the acuHinatiOn of probes,、、hich
directly enables physical detection in near nelds and determines the resolution of the system
EInploying these technologies,、ve fabricat d an optical―fiber fabrication device and established
the fabrication requirements.  This paper describes the results of various types of measure―
ments and experilnents conducted、vhile developing a near―neld light detection systenl,utilizing
a local electric―field enhancement erect at the tip of an ultra―Ane aperture probe and an
optical―nber probe fabrication system_  This paper contains eight chapters  The outlines of
these chapters are as folloM/s:
Chapter l: This chapter introduces the backgrOund,purpose,and signiFicance of this study
and presents a brief overview of each chapter_
Chapter 2: Near―Field light and evanescent wave are the characteristic hght form of
electromagnetic、、aves suspended locally over a material surface  The surface plasmon also
exists locaHy on a material surface.  By contr01ling the surface plasmon, we can conduct
accurate optical measurements up to a resolution beyond the diffraction limit_  The physical
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properties of near―Field light, evanescent ttrave, and surface plasmon are described in this
chapter.
Chapter 3: When可五CrO―particles are iHunlinated by light Ⅵ/hos  wave eng h is consider―
ably greater than the size of the particles, the pecuhar near―neld light, susp nded locally in
close proximity to the particles,is scattered_Near―neld optical microscope(NSOM)is a
microscope that detects a part of the scattered near-lield light with a photodetector and creates
irnages ttrith the surface information obtained by scanning the surface of a specilnen_  This
chapter explains the operational principle,rneasuring method, and elemental technologies of
NS()Ⅳf,in addition to describing the details leading up to the development
Chapter 4: The sharpened probe that is used for NSOふ/1 exerts an extremely large
influence on the resolution of the device and the signal―detection se si ivity.  Therefore,、、アe
constructed an optical―iber prObe fabrication system  The systenl enables the fabrication of
probes of any desired core―tip diamet r size, apex angle, and clad diameter  Further, the
relative standard deviation is less than l%`  The performance capabinties can be achieved by
controHing the solution temperature, etching tilne, and etching length of the probe when the
chemical etching method is apphed.  By comparing a near-1leld pattern at the edge of a probe
writh that of a Gauss bealn,we could determine the size of the sharpened core tips
Chapter 5: We constructed a near―neld light detection system,by which、、アe could conduct
measurements in the condensing mode and the inunlination―condensing mode and h se of the
SPR phenomena  ln addition,■、アe pro uced optical aber probes ttrith an aperture of 100 nna,by
which 、v‐e could conArm the detection of evanescent 、vaves at the ar―n ld regiOn  The
fabrication method,functions,and speculation of the optical nber probes are presented in this
chapter
Chapter 6: Using optical iber probes used for NSOh′I, we produced a surface plasmon
resonance (SPR)sensor  ヽヽ「hen the fabricated aperture―less type optical probe was immer‐
sed in a solution of refraction liquid and polyethylene glucose,reflected electromagnetic waves
were detected  As a result,we succeeded in measuring the refraction index difference, Z)%=
0_015_
Chapter 7: ヽヽ「e carried out the measurement and observation of biomaterials including
lactic acid bacteria and other bacteria wvith the near―neld detection system_  WIoreover, 、ア
observed these biomaterials using an atomic force microscope(AFM)and an electron micro‐
scope and conducted a structural estilnation. We observed the polarization state of liquid
crystal cens at the near―field region and verittled the superiority of this systena in ttlicroscopic
evaluation
Chapter 8: This chapter summarizes the results obtained by this systeHl and describes the
conclusion follo、ved by the presentation of a vision for NSOふ/1_
Professor(Chairperson) HidehirO SEKI
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